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(57) ABSTRACT 

An electric iron includes a soleplate and at least one heating 
element. The heating element includes multi-layer conduc 
tive coating of nano-thickness disposed on the soleplate. The 
heating element further includes electrodes disposed on the 
multi-layer conductive coating. The multi-layer conductive 
coating has a structure and composition Which stabilize per 
formance of the heating element at high temperatures. The 
soleplate can be made of ceramic glass. The electric iron can 
perform heating and ironing functions using alternating cur 
rent electrical poWer, direct current electrical poWer, solar 
energy poWer, or one or more batteries. 

28 Claims, 10 Drawing Sheets 
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ELECTRIC IRON 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

The present patent application is a continuation-in-part 
(CIP) patent application of Us. patent application Ser. No. 
12/026,724 ?led Feb. 6, 2008, Which claims bene?ts from 
Us. Provisional Patent Application No. 60/900,994 ?led 
Feb. 13, 2007 and Us. Provisional Patent Application No. 
60/ 990,619 ?led Nov. 28, 2007, the entire contents of Which 
are incorporated herein by reference. 

FIELD OF PATENT APPLICATION 

The present patent application relates to an electric iron. 
More particularly, the present application relates to an electric 
iron having at least a heating element With a multi-layer 
conductive coating of nano-thickness and electrodes. 

BACKGROUND 

The soleplate of a conventional electric iron is usually 
heated by an electric resistance heater Which is mounted 
inside a housing. The resistance heater includes one or more 
Wire-like resistors Which can be connected to an electric 
poWer source Whereby the resistors generate heat to heat up 
the soleplate. The resistance heater is installed on the sole 
plate. Such electric iron is rather complicated in construction. 
The cost of manufacturing and assembly of the electric resis 
tance heater is rather high, especially since it has to be 
mounted on a support made of an electrically insulating mate 
rial. 

Furthermore, it takes a relatively long period of time to heat 
an electric resistance heater until it begins to generate heat at 
the desired rate, and it takes a relatively long period of time to 
ensure that an electric resistance heater is adequately cooled 
upon completion of an ironing operation. Thus, large quanti 
ties of heat energy are lost during heating and cooling of the 
soleplate. 
A conventional soleplate can be made of a single piece of 

metal such as aluminum or steel. An advantage of aluminum 
is that its heat conductivity is quite satisfactory and that it is 
relatively light in Weight. HoWever, the ability of an alumi 
num soleplate to resist scratching, scoring and similar dam 
age is unsatisfactory. A soleplate Which is made of steel is 
more resistant to Wear and scratching. HoWever, it is rather 
heavy in Weight and its thermal conductivity is not satisfac 
tory. 

Another kind of soleplate is formed of tWo pieces made of 
different materials. There is a core portion Which is electri 
cally heatable and is made of aluminum. It carries a thin 
Walled base plate of steel Which comes in actual contact With 
the clothing to be ironed. This kind of soleplate is compli 
cated in structure and increases the cost of the soleplate and of 
the entire iron. 

Conventional heating elements of electric irons are often of 
high electrical resistance. Electrical current is hence loW 
under direct current electrical poWer and incapable of gener 
ating su?icient energy uniformly over an area for heating. 

Therefore, there is a need to provide an improved electric 
iron that is simple in construction, less costly to manufacture, 
light in Weight, capable of using direct current electrical 
poWer or batteries, and high in heating e?iciency. 

The above description of the background is provided to aid 
in understanding the heating element and the electric iron 
disclosed in the present application, but is not admitted to 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
describe or constitute pertinent prior art to the heating ele 
ment and the electric iron disclosed in the present application, 
or consider any document cited herein as material to the 
patentability of the claims of the present application. 

SUMMARY 

An electric iron includes a soleplate and at least a heating 
element. The heating element includes at least one multi 
layer conductive coating of nano-thickness disposed on the 
soleplate. The heating element further includes electrodes 
disposed on the multi-layer conductive coating. The multi 
layer conductive coating has a structure and composition 
Which stabiliZe performance of the heating element at high 
temperatures. 
The electric iron can perform heating and ironing functions 

using alternating current electrical poWer, direct current elec 
trical poWer, solar energy poWer, or one or more batteries. 

In one embodiment, the electric iron includes a poWer 
charger or poWer converter. 

In one embodiment, the electric iron is cordless. 
In one embodiment, the electric iron includes a plurality of 

heating elements electrically connected one another in paral 
lel. 

In one embodiment, the electric iron includes a plurality of 
heating elements electrically connected one another in series. 

In one embodiment, the electric iron includes a plurality of 
heating elements electrically connected one another, and the 
multi-layer conductive coatings of the heating elements are 
constructed in a same siZe. 

In one embodiment, the electric iron includes a plurality of 
heating elements electrically connected one another, and the 
multi-layer conductive coatings of the heating elements are 
constructed in different siZes. 

In one embodiment, the electric iron includes a plurality of 
heating elements electrically connected one another, and the 
multi-layer conductive coatings of the heating elements are 
constructed in same characteristics. 

In one embodiment, the electric iron includes a plurality of 
heating elements electrically connected one another, and the 
multi-layer conductive coatings of the heating elements are 
constructed in different characteristics. 

In one embodiment, the multi-layer conductive coating of 
the heating element has a siZe of about 30 mm to about 150 
mm in length and about 10 mm to about 80 mm in Width. 

In one embodiment, the electrical resistance of the multi 
layer conductive coating of the heating element is about 5 
ohms to about 50 ohms. 

In one embodiment, the soleplate is made of ceramic glass. 
In one embodiment, the electric iron includes a protective 

layer disposed over the electrodes and the conductive coating, 
and the electrodes and the conductive coating are sandWiched 
betWeen the protective layer and the soleplate. The protective 
layer is made of ceramic glass or other insulating materials. 

In one embodiment, a multi-layer insulating coating of 
nano-thickness is disposed betWeen the multi-layer conduc 
tive coating and the soleplate. 
The multi-layer conductive coating of the heating element 

may be produced by spray pyrolysis. 
In one embodiment, the spray pyrolysis can be carried out 

at a temperature of about 6500 C. to about 7500 C. 
In one embodiment, the spray pyrolysis can be carried out 

at a spray pressure of about 0.4 MPa to about 0.7 MPa. 
In one embodiment, the spray pyrolysis can be carried out 

at a spray head speed of less than 1000 mm per second. 
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In one embodiment, the spray pyrolysis can be carried out 
by alternating spray passes in a direction of about 90 degrees 
to each other. 

In one embodiment, the heating element includes a multi 
layer insulating coating of nano-thickness disposed betWeen 
the multi-layer conductive coating and the soleplate. The 
multi-layer insulating coating may include sol-gel derived 
silicon dioxide. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Speci?c embodiments of the heating element and the elec 
tric iron disclosed in the present application Will noW be 
described by Way of example With reference to the accompa 
nying draWings Wherein: 

FIG. 1 is a perspective vieW of an electric iron according to 
an embodiment of the present application; 

FIG. 2 is a side vieW of the electric iron; 
FIG. 3 is a top plan vieW of the electric iron; 
FIG. 4 is a bottom plan vieW of the electric iron; 
FIG. 5 is a rear end vieW of the electric iron; 
FIG. 6 is a partial top plan vieW of soleplate of an electric 

iron With a heating element according to an embodiment of 
the present application; 

FIG. 7 is a cross sectional vieW of the heating element of 
FIG. 6; 

FIG. 8 is a top plan vieW of a soleplate of the electric iron 
With tWo heating elements electrically connected in parallel 
according to an embodiment of present application; 

FIG. 9 is a top plan vieW of a soleplate of the electric iron 
With tWo heating elements electrically connected in series 
according to another embodiment of present application; 

FIG. 10 is a top plan vieW ofa soleplate ofthe electric iron 
With ?ve heating elements electrically connected in parallel 
according to a further embodiment of present application; and 

FIG. 11 is a top plan vieW ofa soleplate ofthe electric iron 
With ?ve heating elements electrically connected in series 
according to a further embodiment of present application. 

DETAILED DESCRIPTION 

It should be understood that the electric iron and the heat 
ing element are not limited to the precise embodiments 
described beloW and that various changes and modi?cations 
thereof may be effected by one skilled in the art Without 
departing from the spirit or scope of the appended claims. For 
example, elements and/ or features of different illustrative 
embodiments may be combined With each other and/or sub 
stituted for each other Within the scope of this disclosure and 
appended claims. 
As used herein, the term “a multi-layer coating” or “a 

multi-layered coating” refers to a coating having more than 
one layer of a coating material. 
As used herein, the term “nano -thickness” refers to a thick 

ness of each coating layer only measurable in nanometer at 
the nanometer level. 

FIG. 1 is a perspective vieW of an electric iron 10 according 
to an embodiment of the present patent application. The elec 
tric iron 10 includes a soleplate 12, a housing 14, a handle 16, 
and a temperature control knob 18. 

According to the illustrated embodiment, the soleplate 12 
can be in the form of a plate having a uniform thickness Which 
leads to uniform distribution of heat throughout the soleplate 
12. The soleplate 12 may have a thickness of about 4 mm. The 
soleplate 12 has a top surface 30 and a bottom ironing surface 
32. The soleplate 12 and the ironing surface 32 can generally 
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4 
be boat-shaped as in a conventional electric iron. The sole 
plate 12 has a front tip portion 34, a middle portion 36, and a 
rear end portion 38. 

It is to be understood that the soleplate 12 can be in the form 
of a plate having a non-uniform thickness. It is also to be 
understood that the thickness of the soleplate 12 may be 
greater than 4 mm or less than 4 mm. It is further to be 
understood that the soleplate 12 and the ironing surface 32 
can be other shapes. 

According to the illustrated embodiment, the housing 14 is 
connected to the front tip portion 34 of the soleplate 12, 
leaving the middle portion 36 and the rear end portion 38 
exposed to the surrounding air and at a distance from the 
housing 14 and the handle 16. This alloWs the heat generated 
by the soleplate 12 to be dissipated into the surrounding air 
rather than toWards the housing 14 and the handle 16. This can 
prevent the electronic components, such as a printed circuit 
board, inside the housing 14 or the handle 16 from being 
damaged by heat When the electric iron 10 is in operation. 
This also facilitates fast air cooling of the soleplate 12 When 
ironing is ?nished and the heating element is turned off. 
The soleplate 12 can be detachably connected to the hous 

ing 14 for easy maintenance and repair of the mechanical and 
electronic parts inside the housing 14. 

FIG. 2 is a side vieW of the electric iron 10. As best illus 
trated in FIG. 2, the housing 14 is connected to the front tip 
portion 34 of the soleplate 12, and the loWer surface 20 of the 
handle 16 is substantially parallel to and spaced apart from the 
middle and rear end portions 36, 38 of the soleplate 12. 

Although it has been shoWn in the illustrated embodiment 
that the housing 14 is attached to the front tip portion 34 of the 
soleplate 12, it is understood by one skilled in the art that the 
housing 14 canbe attached to the middle portion 36 and/or the 
rear end portion 38 of the soleplate 12. For example, the 
housing 14 can be attached to the rear end portion 38 of the 
soleplate 12, leaving the front tip portion 34 and the middle 
portion 36 exposed to air. This handle can also be modi?ed 
into other forms in different shapes. For example, the loWer 
section 20 of the handle 16 can be removed but With the 
handle 16 extended above the rear end of the soleplate. 

FIG. 3 is a top plan vieW of the electric iron 10 shoWing the 
temperature control knob 18. The temperature control knob 
18 is used to vary the temperature of the soleplate 12 by means 
of an electric circuit provided inside the housing 14 or the 
handle 16. An indicator such as a light emitting diode (LED) 
may be provided on the housing 14 or the handle 16 to 
indicate the ON/OFF condition of the electric iron 10. Addi 
tional indicators may be used to indicate other additional 
conditions of the electric iron 10 if desired. 

FIG. 4 is a bottom plan vieW of the electric iron 10 shoWing 
the conventional boat-shaped soleplate 12. The soleplate 12 
may have a length of about 200 mm and a Width of about 100 
mm. 

The soleplate 12 may be made of ceramic glass or any other 
suitable material. It is understood by one skilled in the art that 
ceramic glass can survive high temperature and thermal 
shock, and is often selected over other materials in providing 
consistent and reliable high temperature heating functions. 
Furthermore, ceramic glass is highly resistant to Wear and 
scratching of metal buttons and Zippers of clothing to be 
ironed. The ceramic glass can also contain a hard and smooth 
surface to provide more effective ironing on clothing. 

FIG. 5 is a rear end vieW of the electric iron. As illustrated 
in FIG. 5, an electrical socket 26 may be provided at a rear end 
22 of the handle 16. The plug of a poWer supply cord can be 
plugged into the electrical socket 26 for the supply of alter 
nating current electrical poWer to the electric iron 10. Differ 
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ent forms of power supply and connection can also be used. 
The alternating current electrical poWer can be used to heat up 
the soleplate, or be converted into direct current electrical 
poWer through a poWer charger or converter stand to heat up 
the soleplate, or be used to charge up rechargeable batteries 
accommodated in the electric iron or in a charger stand Where 
the electric iron stands or sits on. 
A compartment 28 may be formed inside the handle 16 or 

the housing 14 for the accommodation of a rechargeable or 
non-chargeable battery or batteries to provide direct current 
electrical poWer to the electric iron 10. 

The rear end portion 38 of the soleplate 12 and the rear end 
22 of the handle 16 can de?ne a heel rest Whereby the electric 
iron 10 can stand With the soleplate 12 in an upright position 
When the electric iron 10 is temporarily not inuse orplaced on 
a poWer charger or converter. This handle can also be modi 
?ed into other forms for these purposes and for different 
requirements. 

FIG. 6 is a partial top plan vieW of soleplate of an electric 
iron having a heating element 40 according to an embodiment 
of the present application. FIG. 7 is a cross sectional vieW of 
the heating element 40 of FIG. 6. 

According to the illustrated embodiment, the heating ele 
ment 40 includes a multi-layer insulating coating 44 disposed 
on the soleplate 12, a multi-layer conductive coating 46 dis 
posed on the multi-layer insulating coating 44, and electrodes 
48 disposed on the multi-layer conductive coating 46. In 
another embodiment, the multi-layer insulating coating 44 is 
not used, and the multi-layer conductive coating 46 is directly 
disposed on the soleplate 12. 

According to the illustrated embodiment in FIG. 7, a pro 
tective layer 50 can be disposed over the insulating coating 
44, the conductive coating 46, and the electrodes 48. The 
protective layer 50 serves as a cover to protect the otherWise 
exposed insulating coating 44, conductive coating 46, and 
electrodes 48. 

The protective layer 50 may cover the entire area of the 
soleplate 12 such that the insulating coating 44, the conduc 
tive coating 46, and the electrodes 48 are sandWiched betWeen 
the protective layer 50 and the soleplate 12. 

The protective layer 50 may be made of the same material 
as the soleplate 12. That means the protective layer 50 may be 
made of ceramic glass or other suitable material. Alterna 
tively, the protective layer 50 may be made of an insulating 
material. 

In the illustrated embodiment, the multi-layer insulating 
coating 44 is disposed on a surface of the ceramic glass 
soleplate 12. The multi-layer insulating coating 44 may be 
made of sol-gel derived silicon dioxide (SiOZ), or other suit 
able material. Each layer of the multi-layer insulating coating 
44 has a nano-thickness of about 30 nm to about 50 nm. The 
multi-layer insulating coating 44 can be applied on the sur 
face of the ceramic glass soleplate 12 With a surfactant to 
ensure 100% Wetting of the SiO2 coating on the ceramic glass 
soleplate 12 to prevent defect sites, to electrically isolate the 
conductive coating 46 from the ceramic glass soleplate 12 
(Which may become conductive at high temperature), and to 
prevent diffusion of lithium ions and other contaminant ele 
ments migrating from the ceramic glass soleplate 12 into the 
conductive coating 46 during heating process. 

Per?uoralkyl surfactant of a concentration betWeen about 
0.01 and about 0.001% W/W may be used With sodium dioctyl 
sulphosuccinate of a concentration betWeen about 0.1 and 
about 0.01% W/W applied on the ceramic glass soleplate 12 
using spraying, or dip coating technique, or other suitable 
techniques. 
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6 
SiO2 layers can be deposited on the ceramic glass soleplate 

12 using dip coating, or other suitable techniques, and using 
Tetra Ethoxy Ortho Silicate (TEOS) as the base precursor. 
Each sol-gel silica layer needs to be hydrolysed, dried and 
?red at about 500° C. using a staged ramp up temperature 
cycle essentially to remove physical Water, chemically bound 
Water and carbon and organic residues from the matrix, result 
ing in ultra pure SiO2 layers With minimum defects. 

In the illustrated embodiment, the multi-layer conductive 
coating 46 is disposed on the insulating coating 44. The 
multi-layer conductive coating 46 may also be directly dis 
posed on the soleplate 12. The multi-layer conductive coating 
46 may be an oxide coating using a source metal selected 
from the group consisting of tin, indium, cadmium, tungsten, 
titanium and vanadium With organometallic precursors like 
Monobutyl Tin Tri-chloride doped With equal quantities of 
donor and acceptor elements such as antimony and Zinc at 
about 3 mol % With or Without other rare earth elements. It is 
understood that the multi-layer conductive coating 46 can be 
made of other suitable materials. 
The multi-layer conductive coating 46 may be deposited 

over the insulating coating 44 or the soleplate 12 using spray 
pyrolysis With controlled temperature betWeen about 650° C. 
to about 750° C. at a spray pressure of about 0.4 to about 0.7 
MPa, in formation of a multi-layered nano-thickness coating 
of about 50 to about 70 nm each layer in thickness to ensure 
uniform distribution of the rare earth materials Within the 
coating leading to increased stability at high temperatures. 
Preferably, the controlled spray movement is in alternating 
spray passes in the direction of about 90° to each other. The 
speed of spray head is restricted to beloW 1000 mm per 
second. 
The conductive coating material in the multi-layer conduc 

tive coating 46 is used to convert electric poWer into heat 
energy. The applied heat generation principle is quite differ 
ent from that of a conventional electric iron in Which heating 
outputs come from a high electrical resistance of metal coils 
at loW heating ef?ciency and high poWer loss. In contrast, by 
adjusting the composition and thickness of the coatings, elec 
trical resistance of the coating can be controlled and conduc 
tivity can be increased to generate high heating ef?ciency 
With minimal energy loss. 

In the illustrated embodiment, tWo electrodes 48 are 
formed on the conductive coating 46 along tWo opposite sides 
of the conductive coating 46, respectively. The tWo electrodes 
48 may be made of glass ceramic frit based ink, With a source 
metal selected from the group consisting of platinum, gold, 
silver, palladium and copper (90-95%), and glass frit (5-10%) 
made of PbO, SiO2 CeO2 and Li2O added With an organic 
vehicle of ethyl cellulose/ethanol. The ink may be screen 
printed over the conductive coating area With optimum 
matching betWeen the electrodes 48, the coating 44, 46 and 
the ceramic glass soleplate 12 in providing consistent con 
ductivity across the coating area. The ink may be screen 
printed andbaked at about 700° C. for about 5 minutes to form 
the electrodes 48 on the conductive coating 46. This can 
prevent potential delamination of the electrodes 48 from the 
coating 44, 46 and the soleplate 12. No prolonged high tem 
perature annealing is required to settle the coatings and elec 
trodes. 

For practical commercial and industrial uses in performing 
high temperature heating functions up to about 300° C. to 
about 350° C., the insulating coating 44 may not be required 
to be disposed on the surface of the ceramic glass soleplate 12. 
Instead, a temperature monitor and control system can be 
integrated With the conductive coating 46 for optimum tem 
perature and energy saving control. 
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With the coating composition, the heating element 40 of 
the electric iron 10 can be manufactured by an inexpensive 
deposition method in open air environment via spray pyroly 
sis. In addition, application of controlled multi-spray passes 
in forming of the multi-layer conductive coating can mini 
miZe the application of cerium and lanthanum to an amount 
beloW the required 2 .5 mol %, and maintain the stability of the 
conductive coating in performing heating functions. Spray 
head movement conditions canbe established and the speed is 
restricted to beloW 1000 mm per second. 

It is determined that spray parameters can affect the char 
acteristics of the heating element, and optimum conditions 
can be established. An example on variation of effective resis 
tances and poWer ratings (at 220V) of the heating element 40, 
With a coated area of 150 mm><150 mm, is provided in Tables 
1. 

Table 1 shoWs variation of the effective resistances and 
poWer ratings of the heating element produced by 2, 6, 10 and 
12 spray passes, at a spray head movement speed of about 750 
mms'l and at a spray pressure of about 0.5 MPa. 

TABLE 1 

Spray Passes 2 6 10 12 

Electrical 300 72 38 29 
Resistance 

(Ohm) 
Power Rating 161 672 1273 1668 
at 220 V 

The multi-layered nano-thickness coating system dis 
closed in the present application has the characteristics that 
the coating material can be deposited by a loW-cost spraying 
process in an open-air environment. This multi-layered nano 
thickness coating system renders a heating element of an 
electric iron to maintain a stable structure and high conduc 
tivity, and hence results in consistent electrical resistance and 
heating performance at high temperature even for a prolonged 
period. 

To achieve the above-mentioned result, an optimum atomi 
Zation of the spraying material solution and deposition on the 
soleplate surface are required by a speci?c selection of the 
composition and properties of the coating material of the base 
and doped elements, the process conditions of the spray 
pyrolysis covering the soleplate surface, including tempera 
ture, movement of the spraying head, noZZle design, and 
spray pressure. The multi-layer coatings of nano-thickness 
With high conductivity can enhance the coating stability and 
minimize the risk of formation of cracks. 

With the coating composition and processing described in 
this application, it is capable for both loW and high tempera 
ture/poWer output heating for electric irons that require vari 
ous heating functions. 

The coating system of the present application is capable of 
integration With alternating current electrical poWer supply, 
direct current electrical poWer supply and/or solar energy 
system for heat generating functions. Conventional heating 
elements of electric irons are often of high electrical resis 
tance, electrical current is hence loW under direct current 
electrical poWer and incapable of generating suf?cient energy 
uniformly over an area for heating. Improvement of conduc 
tivity and reduction of electrical resistance of the heating 
?lms, through controlled spray process, to 10 ohms or beloW 
can be achieved. It is capable of generating su?icient energy 
over an area to perform practical heating and ironing func 
tions using direct current electrical poWer supply and/or be 
integrated With solar energy poWer supply. Using a 24V direct 
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8 
current electrical poWer supply, the heating element 
described in this application is able to reach a temperature of 
1500 C. in less than 2 minutes. With 12V direct current elec 
trical poWer supply, it is capable of reaching a temperature of 
1500 C. in less than 8 minutes. The direct current electrical 
poWer supply or solar energy poWer supply can be provided in 
form of rechargeable or non-rechargeable batteries, or 
through a poWer charger or converter inside the electric iron, 
or through a poWer charger or converter stand Where the 
electric iron stands or sits on. In these cases, the electric iron 
can be With a poWer supply cord or can be cordless. 
A plurality of heating elements may be provided on the 

soleplate of the electric iron. These heating elements may be 
electrically connected in parallel or in series. 
The conductive coatings of the heating elements may be 

constructed in same characteristics (e.g., structure, composi 
tion, thickness, etc.) but in different siZes, such that different 
densities of poWer output (Watt/cm2) and different ironing 
temperatures can be achieved across the soleplate. The con 
ductive coatings of the heating elements may also be con 
structed in same characteristics and in same siZe, such that 
same density of poWer output and same ironing temperature 
can be achieved across the soleplate. Further, the conductive 
coatings of the heating elements may be constructed in dif 
ferent characteristics and in different siZes, but same density 
of poWer output and same ironing temperature can be 
achieved across the soleplate. For domestic electric iron prod 
ucts, to reach effective ironing temperature up to 2000 C., the 
heating elements can be constructed in siZes of about 10 mm 
about 80 mm in Width, about 30 mm about 150 mm in length 
With electrical resistances ranging about 5 ohms about 50 
ohms. 

FIG. 8 is a top plan vieW of a soleplate 112 of an electric 
iron With a ?rst heating element 140 and a second heating 
element 160 electrically connected in parallel by tWo elec 
trodes 148, 150. The ?rst heating element 140 includes a 
multi-layer conductive coating 141 disposed on the soleplate 
112. The ?rst heating element 140 also includes tWo elec 
trodes 148, 150 disposed on the multi-layer conductive coat 
ing 141. The second heating element 160 includes a multi 
layer conductive coating 142 disposed on the soleplate 112. 
The second heating element 160 also includes tWo electrodes 
148, 150 disposed on the multi-layer conductive coating 142. 
In this embodiment, the ?rst heating element 140 has a coat 
ing area Which is smaller than that of the second heating 
element 160. If the characteristics (e.g., structure, composi 
tion, thickness, etc.) of the conductive coatings of the tWo 
heating elements 140, 160 are same, higher density of poWer 
output (Watt/cm2) and higher ironing temperature can be 
achieved at the ?rst heating element 140. As a result, the tip 
portion of the soleplate has a high ironing temperature, and 
the body portion of the soleplate has a loWer ironing tempera 
ture. If the conductive coatings of the tWo heating elements 
140, 160 are adjusted to reach a same density of poWer output, 
same ironing temperature can be achieved at the tWo heating 
elements. As a result, a uniform temperature can be generated 
across the soleplate 112. 

FIG. 9 is a top plan vieW of a soleplate 212 of an electric 
iron With a ?rst heating element 240 and a second heating 
element 260 electrically connected in series by an electrode 
252. The ?rst heating element 240 includes a multi-layer 
conductive coating 241 disposed on the soleplate 212. The 
?rst heating element 240 also includes tWo electrodes 248, 
252 disposed on the multi-layer conductive coating 241. The 
second heating element 260 includes a multi-layer conductive 
coating 242 disposed on the soleplate 212. The second heat 
ing element 260 also includes tWo electrodes 250, 252 dis 
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posed on the multi-layer conductive coating 242. In this 
embodiment, the ?rst heating element 240 has a coating area 
Which is smaller than that of the second heating element 260. 
If the characteristics (e.g., structure, composition, thickness, 
etc.) of the conductive coatings of the tWo heating elements 
140, 160 are the same, higher density of poWer output (Watt/ 
cm2) and higher ironing temperature can be achieved at the 
?rst heating element 240. As a result, the tip portion of the 
soleplate has a higher ironing temperature, and the body 
portion of the soleplate has a loWer ironing temperature. If the 
conductive coatings of the tWo heating elements 240, 260 are 
adjusted to reach a same density of poWer output, same iron 
ing temperature can be achieved at the tWo heating elements. 
As a result, a uniform temperature can be generated across the 
soleplate 212. 

FIG. 10 is a top plan vieW ofa soleplate 312 of an electric 
iron With ?ve heating elements 340, 360, 364, 366, 368 elec 
trically connected in parallel by tWo electrodes 348, 350. The 
?rst heating element 340 includes a multi-layer conductive 
coating 341 disposed on the soleplate 312. The ?rst heating 
element 340 also includes tWo electrodes 348, 350 disposed 
on the multi-layer conductive coating 341. The second heat 
ing element 360 includes a multi-layer conductive coating 
342 disposed on the soleplate 312. The second heating ele 
ment 360 also includes tWo electrodes 348, 350 disposed on 
the multi-layer conductive coating 342. The third heating 
element 364 includes a multi-layer conductive coating 343 
disposed on the soleplate 312. The third heating element 364 
also includes tWo electrodes 348, 350 disposed on the multi 
layer conductive coating 343. The fourth heating element 366 
includes a multi-layer conductive coating 344 disposed on the 
soleplate 312. The fourth heating element 366 also includes 
tWo electrodes 348, 350 disposed on the multi-layer conduc 
tive coating 344. The ?fth heating element 368 includes a 
multi-layer conductive coating 345 disposed on the soleplate 
312. The ?fth heating element 368 also includes tWo elec 
trodes 348, 350 disposed on the multi-layer conductive coat 
ing 345. In this embodiment, the conductive coatings of the 
?ve heating elements have the same siZe. If the characteristics 
(e.g., structure, composition, thickness, etc.) of the conduc 
tive coatings of the ?ve heating elements are the same, same 
density of poWer output and same ironing temperature can be 
achieved at the ?ve heating elements. As a result, a uniform 
temperature can be generated across the soleplate 312. 

FIG. 11 is a top plan vieW ofa soleplate 412 of an electric 
iron With ?ve heating elements 440, 460, 464, 466, 468 elec 
trically connected in series. The ?rst heating element 440 
includes a multi-layer conductive coating 441 disposed on the 
soleplate 412. The ?rst heating element 440 also includes tWo 
electrodes 448, 450 disposed on the multi-layer conductive 
coating 441. The second heating element 460 includes a 
multi-layer conductive coating 442 disposed on the soleplate 
412. The second heating element 460 also includes tWo elec 
trodes 450, 454 disposed on the multi-layer conductive coat 
ing 442. The third heating element 464 includes a multi-layer 
conductive coating 443 disposed on the soleplate 412. The 
third heating element 464 also includes tWo electrodes 452, 
454 disposed on the multi-layer conductive coating 443. The 
fourth heating element 466 includes a multi-layer conductive 
coating 444 disposed on the soleplate 412. The fourth heating 
element 466 also includes tWo electrodes 452, 456 disposed 
on the multi-layer conductive coating 444. The ?fth heating 
element 468 includes a multi-layer conductive coating 445 
disposed on the soleplate 412. The ?fth heating element 468 
also includes tWo electrodes 456, 458 disposed on the multi 
layer conductive coating 445. In this embodiment, the con 
ductive coatings of the ?ve heating elements have the same 
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siZe. If the characteristics (e.g., structure, composition, thick 
ness, etc.) of the conductive coatings of the ?ve heating ele 
ments are the same, same density of poWer output and same 
ironing temperature can be achieved at the ?ve heating ele 
ments. As a result, a uniform temperature can be generated 
across the soleplate 412. 

While the electric iron and the heating element disclosed in 
the present application have been shoWn and described With 
particular references to a number of preferred embodiments 
thereof, it should be noted that various other changes or 
modi?cations may be made Without departing from the scope 
of the appended claims. 
What is claimed is: 
1. An electric iron comprising: 
a soleplate; and 
at least one heating element comprising: 
a multi-layer conductive coating of nano-thickness dis 

posed on the soleplate; and 
electrodes disposed on the multi-layer conductive coating, 

Wherein the multi-layer conductive coating comprises 
an oxide coating including a source metal selected from 
the group consisting of tin, indium, cadmium, tungsten, 
titanium and vanadium. 

2. The electric iron as claimed in claim 1, comprising a 
plurality of heating elements electrically connected one 
another. 

3. The electric iron as claimed in claim 2, Wherein the 
plurality of heating elements are electrically connected in 
parallel. 

4. The electric iron as claimed in claim 2, Wherein the 
plurality of heating elements are electrically connected in 
series. 

5. The electric iron as claimed in claim 2, Wherein the 
multi-layer conductive coatings of the heating elements are 
constructed in a same siZe. 

6. The electric iron as claimed in claim 2, Wherein the 
multi-layer conductive coatings of the heating elements are 
constructed in different siZes. 

7. The electric iron as claimed in claim 2, Wherein the 
multi-layer conductive coatings of the heating elements are 
constructed in same characteristics. 

8. The electric iron as claimed in claim 2, Wherein the 
multi-layer conductive coatings of the heating elements are 
constructed in different characteristics. 

9. The electric iron as claimed in claim 1, Wherein the 
multi-layer conductive coating of the heating element com 
prises a siZe of about 30 mm to about 150 mm in length and 
about 10 mm to about 80 mm in Width. 

10. The electric iron as claimed in claim 1, Wherein the 
electrical resistance of the multi-layer conductive coating of 
the heating element is about 5 ohms to about 50 ohms. 

11. The electric iron as claimed in claim 1, Wherein the 
soleplate comprises ceramic glass. 

12. The electric iron as claimed in claim 1, further com 
prising a protective layer disposed over the electrodes and the 
multi-layer conductive coating, Wherein the electrodes and 
the multi-layer conductive coating are sandWiched betWeen 
the protective layer and the soleplate. 

13. The electric iron as claimed in claim 12, Wherein the 
protective layer comprises a ceramic glass or other insulating 
materials. 

14. The electric iron as claimed in claim 1, Wherein the 
electric iron is poWered by direct current electrical poWer or 
solar energy poWer. 

15. The electric iron as claimed in claim 14, Wherein the 
poWer is provided by one or more rechargeable or non-re 
chargeable batteries. 
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16. The electric iron as claimed in claim 14, further com 
prising a power charger or power converter. 

17. The electric iron as claimed in claim 14, Wherein the 
electric iron is cordless. 

18. The electric iron as claimed in claim 1, Wherein the 
electrodes comprises glass ceramic frit based ink including a 
source metal selected from the group consisting of platinum, 
gold, silver, palladium and copper. 

19. An electric iron comprising: 
a soleplate; and 
at least one heating element comprising: 
a multi-layer conductive coating of nano-thickness dis 

posed on the soleplate; and 
electrodes disposed on the multi-layer conductive coating, 
Wherein the multi-layer conductive coating is produced by 
spray pyrolysis. 

20. The electric iron as claimed in claim 19, Wherein the 
spray pyrolysis is carried out at a temperature of about 650° 
C. to about 750° C. 

21. The electric iron as claimed in claim 19, Wherein the 
spray pyrolysis is carried out at a spray pressure of about 0.4 
MPa to about 0.7 MPa. 

22. The electric iron as claimed in claim 19, Wherein the 
spray pyrolysis is carried out at a spray head speed of less than 
1000 mm per second. 

23. The electric iron as claimed in claim 19, Wherein the 
spray pyrolysis is carried out by alternating spray passes in a 
direction of about 90 degrees to each other. 

24. The electric iron as claimed in claim 1, Wherein the 
heating element further comprises a multi-layer insulating 
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coating of nano-thickness disposed betWeen the multi-layer 
conductive coating and the soleplate. 

25. The electric iron as claimed in claim 24, Wherein the 
multi-layer insulating coating comprises sol-gel derived sili 
con dioxide. 

26. An electric iron comprising: 
a soleplate; and 
a plurality of heating elements electrically connected one 

another, each of the heating elements comprising: 
a multi-layer conductive coating of nano-thickness dis 

posed on the soleplate; and 
electrodes disposed on the multi-layer conductive coat 

ing, Wherein the multi-layer conductive coating com 
prises an oxide coating including a source metal 
selected from the group consisting of tin, indium, 
cadmium, tungsten, titanium and vanadium, Wherein 
the multi-layer conductive coating is produced by 
spray pyrolysis; and 

a protective layer disposed over the electrodes and the 
multi-layer conductive coating, Wherein the electrodes 
and the multi-layer conductive coating are sandWiched 
betWeen the protective layer and the soleplate. 

27. The electric iron as claimed in claim 26, Wherein the 
plurality of heating elements are electrically connected in 
parallel. 

28. The electric iron as claimed in claim 26, Wherein the 
plurality of heating elements are electrically connected in 
series. 


